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FOREWORD

The Old West Regional Commission wishes to express its appreciation for
this report to the Montana Department of Natural Resources and Conservation,
and more specifically to those Department staff members who participated
directly in the project and in preparation of various reports, to Dr. Kenneth A.

Blackburn of the Commission staff who coordinated the project, and to the
subcontractors who also participated. The Yellowstone Impact Study was one
of the first major projects funded by the Commission that was directed at

investigating the potential environmental impacts relating to energy develop-
ment. The Commission is pleased to have been a part of this important research.

George D. McCarthy
Federal Cochairman
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THE RIVER

The Yellowstone River Basin of southeastern Montana, northern Wyoming,
and western North Dakota encompasses approximately 180,000 km2 (71,000 square

miles), 92,200 (35,600) of them in Montana. Montana's portion of the basin

comprises 24 percent of the state's land; where the river crosses the

border into North Dakota, it carries about 8.8 million acre-feet of water per

year, 21 percent of the state's average annual outflow. The mainstem of the

Yellowstone rises in northwestern Wyoming and flows generally northeast to its

confluence with the Missouri River just east of the Montana-North Dakota

border; the river flows through Montana for about 550 of its 680 miles. The

major tributaries, the Boulder, Stillwater, Clarks Fork, Bighorn, Tongue, and

Powder rivers, all flow in a northerly direction. The western part of the

basin is part of the middle Rocky Mountains physiographic province; the

eastern section is located in the northern Great Plains (Rocky Mountain
Association of Geologists 1972).

THE CONFLICT

Historically, agriculture has been Montana's most important industry. In

1975, over 40 percent of the primary employment in Montana was provided by

agriculture (Montana Department of Community Affairs 1976). In 1973, a good

year for agriculture, the earnings of labor and proprietors involved in

agricultural production in the fourteen counties that approximate the
Yellowstone Basin were over $141 million, as opposed to $13 million for

mining and $55 million for manufacturing. Cash receipts for Montana's
agricultural products more than doubled from 1968 to 1973. Since that year,
receipts have declined because of unfavorable market conditions: some

improvement may be in sight, however. In 1970, over 75 percent of the

Yellowstone Basin's land was in agricultural use (State Conservation Needs

Committee 1970). Irrigated agriculture is the basin's largest water use,

consuming annually about 1.5 million acre-feet (af) of water (Montana DNRC

1977).

There is another industry in the Yellowstone Basin which, though it con-

sumes little water now, may require more in the future, and that is the coal

development industry. In 1971, the North Central Power Study (North Central

Power Study Coordinating Committee 1971) identified 42 potential power plant

sites in the five-state (Montana, North and South Dakota, Wyoming, and

Colorado) northern Great Plains region, 21 of them in Montana. These plants,

all to be fired by northern Great Plains coal, v;ould generate 200,000 megawatts
(mw) of electricity, consume 3.4 million acre-feet per year (mnaf/y) of water,

and result in a large population increase. Administrative, economic, legal,



and technological considerations have kept most of these conversion facilities,

identified in the ilorth Central Power Study as necessary for 1980, on the

drawing board or in the courtroom. There is now no chance of their being

completed by that date or even soon after, which will delay and diminish the

economic benefits some basin residents had expected as a result of coal

development. On the other hand, contracts have been signed for the mining
of large amounts of Montana coal, and applications have been approved not

only for new and expanded coal mines but also for Colstrip Units 3 and 4,

twin 700-mw, coal-fired, electric generating plants.

In 1975, over 22 million tons of coal were mined in the state, up from
14 million in 1974, 11 million in 1973, and 1 million in 1969. By 1980, even
if no new contracts are entered, Montana's annual coal production will exceed
40 million tons. Coal reserves, estimated at over 50 billion economically
strippable tons (Montana Energy Advisory Council 1976), pose no serious con-
straint to the levels of development projected by this study, which range
from 186.7 to 462.8 million tons stripped in the basin annually by the year
2000. Strip mining itself involves little use of water. How important the
energy industry becomes as a water user in the basin will depend on: 1) how
much of the coal mined in Montana is exported, and by what means, and 2) by
what process and to what end product the remainder is converted within the
state. If conversion follows the patterns projected in this study, the energy
industry will use from 48,350 to 326,740 af of water annually by the year 2000.

A third consumptive use of water, municipal use, is also bound to
increase as the basin population increases in response to increased employment
opportunities in agriculture and the energy industry.

Can the Yellowstone River satisfy all of these demands for her water?
Perhaps in the mainstem. But the tributary basins, especially the Bighorn,
Tongue, and Powder, have much smaller flows, and it is in those basins that
much of the increased agricultural and industrial water demand is expected.

Some impacts could occur even in the mainstem. What would happen to
water quality after massive depletions? How would a change in water quality
affect existing and future agricultural

,

industrial , and municipal users?
What v/ould happen to fish, furbearers, and migratory waterfowl that are
dependent on a certain level of instream flow? Would the river be as
attractive a place for recreation after dewatering?

One of the first manifestations of Montana's growing concern for water
in the Yellowstone Basin and elsewhere in the state was the passage of
significant legislation. The Water Use Act of 1973, which, among other
things, mandates the adjudication of all existing water rights and makes
possible the reservation of water for future beneficial use, was followed
by the Water Moratorium Act of 1974, which delayed action on major
applications for Yellowstone Basin water for three years. The moratorium,
by any standard a bold action, was prompted by a steadily increasing rush of
applications and filings for water (mostly for industrial use) which, in two
tributary basins to the Yellowstone, exceeded supply. The DNRC's intention
during the moratorium was to study the basin's water and related land
resources, as well as existing and future need for the basin's water, so that



the state would be able to proceed wisely with the allocation of that water.

The study which resulted in this series of reports was one of the fruits of

that intention. Several other Yellowstone water studies v/ere undertaken

during the moratorium at the state and federal levels. Early in 1977, the

45th Montana Legislature extended the moratorium to allow more time to con-

sider reservations of water for future use in the basin.

THE STUDY

The Yellowstone Impact Study, conducted by the Water Resources Division

of the Montana Department of Natural Resources and Conservation and financed
by the Old West Regional Commission, was designed to evaluate the potential

physical, biological, and water use impacts of water withdrawals and water

development on the middle and lower reaches of the Yellowstone River Basin in

Montana. The study's plan of operation was to project three possible levels

of future agricultural, industrial, and municipal development in the

Yellowstone Basin and the streamflow depletions associated with that develop-
ment. Impacts on river morphology and water quality were then assessed,
and, finally, the impacts of altered streamflow, morphology, and water
quality on such factors as migratory birds, furbearers, recreation, and

existing water users were analyzed.

The study began in the fall of 1974. By its conclusion in December of

1976, the information generated by the study had already been used for a

number of moratorium-related projects--the EIS on reservations of water in

the Yellowstone Basin, for example (Montana DNRC 1976). The study resulted
in a final report summarizing all aspects of the study and in eleven
specialized technical reports:

Report No. 1 Future Development Projections and Hydrologic Modeling in

the Yellowstone River Basin, Montana.

Report No. 2 The Effect of Altered Streamflow on the Hydrology and

Geomorphology of the Yellowstone River Basin, Montana.

Report No. 3 The Effect of Altered Streamflow on the Water Quality of

the Yellowstone River Basin, Montana.

Report No. 4 The Adequacy of Montana's Regulatory Framework for Water
Dual ity Control

Report No. 5 Aquatic Invertebrates of the Yellowstone River Basin,
Montana.

Report No. 6 The Effect of Altered Streamflow on Furbearing Mammals of

the Yellowstone River Basin, Montana.

Report No. 7 The Effect of Altered Streamflow on Migratory Birds of the
Yellowstone River Basin, Montana.



Report No. S The Effect of Altered Streamflow on Fish of the

Yellowstone and Tongue Rivers, Montana.

Report Ho. 9 The Effect of Altered Streamflow on Existing Municipal

and Agricultural Users of the Yellowstone River Basin,

Montana.

Report No. 10 The Effect of Altered Streamflow on VJater-Based Recreation

in the Yellowstone River Basin, Montana.

Report No. 11 The Economics of Altered Streamflow in the Yellowstone

River Basin, Montana.
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The purpose of this report is to discuss the economic consequences of the

impacts resulting from lowered streamflows in the Yellowstone River Basin. In-

cluded are an economic description of the study area, a summary of the conclu-
sions made in other reports in this series (see "The Study," pages 3 and 4)

and a literature survey of economic methodologies for evaluting the impacts of

lowered streamflow. Legal and institutional constraints on water use in the

basin are surveyed.

An economic evaluation of the impacts of lowered streamflows should inves-

tigate both benefits and costs of these withdrawals. The material summarized

from the other reports examines only the costs of altered streamflow. In this

report, an evaluation of the benefits to agriculture of additional depletions
is made by estimating the consequences for agriculture of an instream flow res-

ervation, resulting in an analysis of the net impact of additional withdrawals
from the Yellowstone River.

The study area is shown in figure 1. Billings is the largest city and

economic hub of the basin.

Agriculture, the basin's largest industry, is declining in relative im-

portance. Coal mining is growing rapidly; so is manufacturing. Population

increases and employment trends indicate that the recent surge of economic

growth is continuing.

Growth rates basin-wide are similar to national averages, although Billings
and Colstrip are developing more rapidly. Decreases in rural population and

agricultural employment opportunities continue throughout the region.

Because most economic data is available by county rather than by
river basin, the study area consists of the thirteen counties (figure 1)
which approximate the boundaries of the Yellowstone River Basin.
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INCOME

Personal income in the basin is growing faster than for the nation as a

whole, primarily because of increased earnings, both direct and indirect,
from coal mining. Incomes from manufacturing and railroads are also above
the state average, while the increases in farm earnings are down relative to
the rest of the state and the nation. From 1970 to 1974, personal income in
Rosebud County increased 68 percent, while personal income in the Yellowstone
Basin increased 47 percent. Per-capita income in the Yellowstone Basin is

higher than the state average. Within the basin, per-capita income tends to
be higher in the downstream counties (Montana DNRC 1976).

EMPLOYMENT

Agriculture, mining, manufacturing, and railroads are the basic indus-
tries in the basin. Table 1 shows the number of persons employed in each for
1950, 1960, and 1970.

TABLE L Employment in the Basic Industries in the Yellowstone Basin, 1950,

1960, and 1970.



Although the number of jobs in agriculture is still larger than the number
in other sectors, a steady decline is apparent. Nev; jobs in basic industries
have occurred primarily in mining and manufacturing. However, data on basic
employment should be interpreted cautiously because, statewide and nationally,
the employment level in basic industries has been falling relative to derivative
employment--partially because worker productivity, due to improved technology,
has increased rapidly in many basic industries.

New basic jobs are occurring in a few specific locations. New mining jobs

within the basin have been primarily located at the coal mines at Sarpy Creek,
Colstrip, and Decker; most of the new manufacturing jobs have been in the
Billings area.

Table 2 illustrates the rapid growth of coal mining in Montana, and table
3 shows the number of jobs at each mine site. From 1972 to 1974, employment
in Rosebud County, site of substantial coal development, increased 26 percent,
and employment in the basin went up by 13 percent. However, some portion of
this rapid growth may be temporary, and employment will probably be reduced up-

on completion of the construction of electrical generating facilities at Colstrip.
Agricultural employment in the basin fell from 65 to 51 percent of total employ-
ment between 1950 and 1970. The impact of this loss in jobs was felt primarily
outside of Yellowstone County. The loss of 990 agricultural jobs in Yellowstone
County was partially compensated by an increase of 854 manufacturing jobs, but
the basin outside of Yellowstone County lost 5,371 jobs in agriculture and gained
only 456 manufacturing jobs.

TABLE 2.





POPULATION

Table 4 shows that nearly half of the basin's population lives in the
Billings area, and over half lives in the two regional centers of Billings
and Miles City.

From 1960 to 1970, the basin's overall population remained about the
same, but the number of urban dwellers (defined as those livina in towns of
at least 2,500 persons) increased eight percent, while the number of rural
dwellers fell by ten percent. The population of Billings during this time
increased by 16 percent. Following the national trend, outmigration has been
moderate to high in the rural areas; lack of employment opportunities is

probably a major cause of rural population decline in the basin. Progress in
farm technology has decreased the number of workers needed for agricultural
operations.

However, job opportunities began increasing in the late 1960's, and
from 1970 to 1974 the basin's population began to grow again. From 1968
to 1971, employment opportunities increased six percent, but from 1971 to
1974 they increased 13 percent (U.S. Bureau of Economic Analysis unpublished).
The largest increase in population was in Rosebud County (29.3 percent), due
to the development at Colstrip.

AGRICULTURAL ACTIVITY

Most of the water taken from the Yellowstone for agriculture is used to
irrigate pasture and crops for cattle feed. Farms and ranches within the
basin are generally much larger than the state-wide average. Major grain crops
are wheat, barley, and oats; these are usually grown on nonirrigated land.
Sugar beets and dry beans are grown only on irrigated land, but most irrigated
land is devoted to hay production. About two-thirds of farm income results
from the sale of livestock and livestock products, and the remaining one-third
from the sale of crops.

12
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The economic evaluation of water withdrawals is performed by comparing the
value of water for instream uses with the value of water when it is withdrawn
for consumptive use. The optimal allocation of water between instream uses
and withdrawals is that allocation that maximizes the sum of the net benefits
from instream uses and out-of-stream uses. Two important observations allow
definition of the optimal allocation of water between competing uses.

First, the value of additional withdrawals is subject to diminishing
returns, meaning that there is an inverse relationship between the price
farmers are willing to pay for water and the quantity of water available.
Second, withdrawals reduce the total value of uses and activities that depend
on instream flows. The "Impacts of Water Withdrawals" section of this report
on page 35 suggests that small incremental withdrawals would not have a signi-
ficant effect on recreational values and wildlife habitats but that large
withdrawals would reduce recreational opportunities and adversely affect the
wildlife. It is likely that additional withdrawals of equal increments would
impose increasing costs on activities dependent on instream flows--in other
words, the losses to recreation and wildlife would increase at an increasing
rate per unit of withdrawals. Figure 2 plots these relationships.

> Morginal Benefits

Withdrawals

Figure 2. Relationships of withdrawals to cost and benefits,

15



The line labelled marginal benefits is the demand curve for water with-
drawn from the river for consumptive uses. It has a negative slope because
there are diminishing returns to increments of water in these alternative
uses. The demand curve for water in these uses is the marginal benefits
curve because the price consumptive users would be willing to pay for
additional increments of water is equal to the incremental or marginal
benefits they would receive from the water.

The line labelled marginal costs is shown with a positive slope, implying
that additional incremental withdrawals would impose increasing costs on

activities dependent on instream flows. If the increase in costs were pro-
portional to withdrawals, the marginal costs curve would be horizontal; if the
increase in costs were less than proportional to withdrawals, the marginal
costs curve would have a negative slope. The optimal allocation of water
between instream and consumptive uses is the quantity Q, where the marginal
costs of withdrawals are equal to the marginal benefits. For any level of

withdrawals less than Q, the benefits of some additional level of withdrawals
exceeds the costs to instream uses of these withdrawals. Conversely, for any
level of withdrawals greater than Q, the costs of these withdrawals exceed
the benefits, and they should not be made.

The costs of increased withdrawals discussed in this chapter are described
in the "Impacts of Water Withdrawals" section of this report on page 35 .

Dollar values have been placed on some of these costs; most, however, have not
been quantified and are treated qualitatively.

The benefits of increased withdrawals are the sum of the demand curves
for the various sectors that take water for consumptive uses. Agricultural use
is the major consumptive use dealt with in the analysis; a linear programming
(LP) model is used to estimate the value of water for agricultural users.

The LP model was originally developed to estimate the costs imposed on

farmers by the instream-flow reservation requested by the Montana Fish and
Game Commission for the Yellowstone River Basin. (Under the Montana Water
Use Act of 1973, the State of Montana or the United States Government or any
appropriate political subdivision or agency of either may apply for a reservation
of water for existing or future beneficial consumptive use or to maintain a

minimum flow, level, or quality of water. See Montana DNRC 1976. The Montana
Fish and Game Commission made its original Yellowstone Basin reservation request
in 1974; that request was used in the LP model developed by Snyder and discussed
on pages 27 through 33 . In October of 1976, the Fish and Game Commission sub-
mitted a revised, slightly higher reservation request, which was used in the
Yellowstone Impact Study's LP modeling). The LP model solves for the cropping
pattern and water allocation that maximize agricultural profits and divides
the Yellowstone Basin into seven subbasins (figure 3). The model was rerun

with Yellowstone Impact Study cost and revenue data, and the benefits of

incremental increases in water supplies available for agricultural withdrawal
were calculated.

The objective function values are the net profits per acre (total revenue
minus variable costs) for the cropping strategy for individual crops in each
subbasin. The cropping strategies identify the months through which each
crop can be irrigated and are used to allow for partial irrigation in subbasins
where water is scarce.

16



YeHou/stone River Basin

SubbASINS UsEd IN T^E



YeHowstone River Basin

SubbAsiNs UsEcJ IN T^E YeHowstone
livipACT Siudy Linear PRoqRAMiviiNq MocJeI

UY



draw
ther
uses
curv
addi

bene

that
acti

port
incr
cost
betw
cost
with
exce
leve

the

in t

Doll

been

for
is t

(LP)

farm
Game
Use ,

appp
of w.

mi n i i

Fish
in 1'

on p.

mitti

Yell,

patti

the
'

with
incn
were

minu:

subbi

crop
when



For example, pasture can be irrigated by any of the following schedules:

1) only once in the spring;

2) in the spring and again in July;

3) in the spring and again in July and August; or

4) through the entire irrigation season.

May 1-June 30 are the "spring" of the irrigation season.

The model maximizes the sum of profits for each cropping strategy and
crop in each subbasin, subject to five types of constraints. The inflow con-
straints limit water availability to the estimated inflows into each subbasin.
The instream constraints require that sufficient water be left instream to
satisfy the Montana Fish and Game Commission water reservation request. The
model is run with these constraints set at 100 percent, 90 percent, 75 percent,
50 percent, 25 percent, and percent of the Fish and Game Commission's 1976
reservation request.

The crop constraints limit total acreage to 1975 acreage in estimating
the current value of water. The acreage constraints for 2000 are calculated

by adding the projected increases in acreage for each subbasin as calculated
in Report No. 1 of this series to the acreage constraints used for the 1975
run. Cropping patterns were allowed to vary no more than 10 percent from
historical cropping patterns. Mass conservation constraints defined outflow
to any lower subbasin to be the inflows of the subbasin above minus
agricultural use within the upper subbasin.

The model solves for the maximum profits and the optimal cropping pattern
given the constraints. It also solves for the shadow prices of the constraints-
the amount agricultural profits would increase if the constraint were relaxed
by one unit. The marginal benefits of agricultural withdrawals are calculated
by making repeated runs with different instream-flow constraints. As the
constraints are relaxed, profits increase. The increase in profits is the

value to farmers of relaxing the constraint. Each run of the model generates
a fixed quantity of profits given a specified set of instream flow constraints
and quantity of water available for irrigation, which is the total flow less
the instream constraints. The benefit of an incremental increase in water
availability is the increase in agricultural profits resulting from that
increment of water.

For a more detailed discussion of the LP model, see appendix B.
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The literature reviewed for this report is discussed below in four

sections. Section I summarizes the literature relevant to reports 6, 7, 8,

and 10 in this series, which deal with furbearers, migratory birds, fish,

and recreation, respectively. Section II evaluates recent literature con-

cerning the economic evaluation of water quality. Section III reviews
alternative techniques for estimating the value of water for irrigation.

Section IV discusses techniques for evaluating the demand for industrial

water uses.

I. FISH AND WILDLIFE; RECREATION

The benefits or advantages of maintaining the existing populations of

fish, furbearers, and birds can be classified as (1) benefits to recreationists
and (2) benefits to fish and wildlife. Economic evaluation of these benefits
requires estimating their importance so that it can be compared with the

costs incurred in preserving them. The economic literature usually has

evaluated these benefits as a part of a benefit-cost analysis of public
investment in water resources. In this context, benefits are measured by

the willingness of beneficiaries to pay for outputs, and costs are measured
by the willingness of persons to pay to keep resources in alternative use.

The central problem is difficulty in the estimation of the beneficiaries'

willingness to pay for recreational opportunities. Typically, recreational
activities are either unpriced or priced at some arbitrary minimal cost that
gives no indication of their real value to users. The lack of market prices

and the necessity of evaluating investments in recreation have produced
numerous techniques for estimating these benefits. Knetsch and Davis (1972)
have described several techniques of benefit-cost analyses of recreation,

among them the following methods: gross expenditure, market value of fish,

alternative cost, market value of recreation, interview, and travel cost.

GROSS EXPENDITURE METHOD

This method uses the costs incurred by the recreationist as a measure of

the benefits from the recreation, an approach defended by asserting that if

the recreation were not worth the expenditures they would not have been made.

This method is subject to two criticisms. First, the benefits are overstated

because some of the expenditures would occur in the absence of recreational

activity. Expenditures for food, for example, should not be counted because

these costs are necessary in any circumstance. Secondly, it attempts to

measure only the average rather than the marginal value of experience. There

may be an abundance of alternative sites for similar recreational experiences,

so that, although the value of the recreational activity is high, additional

sites for this activity are not needed, and would therefore have a low value

to recreationists. Proper evaluation of an investment in a recreational site or

activity compares the costs of the investment to the additional or specialized

improvements in recreational opportunities.
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MARKET VALUE OF FISH METHOD

In this method, the recreational value of fishing is evaluated at the
market value of the fish caught. This method ignores the distinction between
fishing as recreation and fishing for food or as an occupation. A catch
increases satisfaction for sport fishermen, but is not the sole criterion of
the value of the activity.

ALTERNATIVE COST METHOD

The cost method is best summarized in the "Principles and Standards"
(U.S. Water Resources Council 1973) used by federal agencies.

The cost of the most likely alternative means of obtaining
the desired output can be used to approximate total value when the
willingness to pay or change in net income methods cannot be used.
The cost of the most likely alternative means will generally
misstate the total value of the output of a plan. This is because
it merely indicates what society must pay by the next most likely
alternative to secure the output, rather than estimating the real

value of the output of a plan to the users. This assumes, of
course, that society would in fact undertake the alternative means.
Because the planner may not be able to determine whether alternative
means would be undertaken in the absence of the project, this
procedure for benefit estimation must be used cautiously.

MARKET VALUE METHOD

The market value method uses a schedule of charges which are estimates of
the market value of the recreational activity. Total recreational value for
the activity is calculated by multiplying the value of an activity (for
example, one fisherman day) by the expected number of activities (annual number
of fisherman days).

The advantages of this method are the ease of calculation of these
benefits and the fact that the values used are estimates of charges that users
might be willing to pay for the activites. Shortcomings are that values do
not consider differences in the quality or uniqueness of certain recreational
activities and that the method uses average values for activity days when
the benefits of additional opportunities are the marginal value of the
incremental opportunities,

INTERVIEW METHOD

Another technique, used by Davis (Knetsch and Davis 1972), is the interview
method which estimates willingness to pay by asking a carefully selected sample
of users a set of questions designed to discover the maximum price they would be

willing to pay for the recreational activities. This study evaluated outdoor
recreation in the Maine Woods. Davis asked questions on household income,
years of experience in the area, and length of stay in the area, in addition
to questions designed to provide an estimate of willingness to pay. Regression
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equations were estimated with willingness to pay as the dependent variable;
household income, years of experience in the area, and length of stay in the
area were considered as independent variables. A demand curve was then
derived by plotting the number of visits per household that would occur at
each price. Total benefits were calculated by summing the products of all

prices and associated number of visits per household.

Unlike the other methods discussed, the objections to the interview
method are practical rather than theoretical. The users interviewed may bias
the results downward if they feel they may be charged the price they say is

the activity's value to them. It is also possible that they will overstate the
value in order to make a case that an area should be preserved in its present
use.

A recent study (Horvath 1974), designed to establish an economic
evaluation of wildlife, resulted in a survey linking wildlife-oriented
recreation with the potential or actual values received, calculated in

dollars. Values assigned by a random sampling of 12,068 households in the
southeastern U.S. were divided into three categories: a day of fishing had

a monetary value of $42.93; a day of hunting, $47.09; and a day of wildlife
enjoyment, $70.41.

Although other studies in this present economic report place lower values
on these types of recreation, the Horvath study found that participants placed
higher monetary values on them than did nonparticipants, a situation which
is not always acknowledged.

TRAVEL COST METHOD

The travel cost method was first suggested to the National Park Service
in 1947 and more fully developed by Clawson and Knetsch (1966) in

Economics of Outdoor Recreation . The travel cost method derives a demand
curve for the recreation experience by using travel cost data as a proxy

or substitute for price. The method requires data on travel costs, use rates

for users in different locations, distance from the user's home to the

recreational site and population of the areas from which the users come. The

site is shown on a map, and concentric circles are drawn around the site;

the average distance and travel cost from each circle or zone are calculated.

Populations and visit rates as a percentage of population are calculated for

each zone. From this data the annual number of visits is calculated as a

function of travel costs to the different zones. Next a demand curve is

estimated by raising costs a constant amount in each circular zone and

calculating the decreased number of visitors that results from each increase

in costs. The incremental additions to travel costs are a proxy for increases

in admission prices. With each simulated increase in the admission prices,

the expected number of visits decreases. The prices used for the demand

curve are the simulated admission prices, and the quantities are the number of

visits that are expected at each price.

Statistical analysis using a regression equation is used to estimate the

demand curve for the recreational opportunities at a site. Total willingness
to pay is found by integrating the area under the estimated demand curve.
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Burt and Brewer (1971) revised this method to account for the effects
the availability of substitute sites will have on the estimated benefits
of a specific proposed site. The travel cost method is the most sophisticated
and theoretically desirable method. However, data requirements are greater
than for the other methods and considerable econometric skills are required.
Copeland et al . (1976) have summarized the major difficulties with this
method as follows.

Four problems with the travel -cost method have been identified.

(1) The central assumption of the model is that people in the inner
zones will respond to an increase in the admission price by reducing their
visit rates to the visit rates observed by people in outer zones whose
travel costs are the same as the travel cost plus admission price paid by
inner zone users. This will only be true if people in the different zones
have the same incomes, tastes, and preferences. This assumption can be
relaxed only by explicitly including additional variables in the regression
equation. Proxy variables to account for varying tastes and preferences are
difficult to define and evaluate.

(2) When a single trip includes multiple destinations, the joint costs
common to all destinations cannot be attributed solely to the site being
studied. An allocation of joint costs requires additional data, and no
theoretically adequate method exists to make this allocation.

(3) Time spent traveling to the site may be considered a cost or an
enjoyable part of the total recreation experience, and an estimate of time
costs is difficult and imprecise.

(4) The travel cost method is not easily used to evaluate river-based
recreation because there is no unique distance from the users residence to
the river but rather a range of distances to different points along the river.

DIFFICULTIES IN ESTIMATING THE IMPACT
OF REDUCED STREAMFLOWS ON THE QUALITY OF RECREATION

Two problems prevented a quantitative evaluation of the loss in recrea-
tional value that would result from lowered streamflows. Biological and
physical data were not available to adequately describe the physical and
biological impact of lowered flows on the mainstem. Without adequate descrip-
tion of the proposed change, an evaluation of the change was not possible.
In addition, the recreation methodologies discussed previously were designed
to evaluate the total value of a recreational resource rather than the
decremental loss to the total value that would result from physical change.
An adequate method to discuss the decremental change is not available.

II. WATER QUALITY

Baumol and Oates (1975) and numerous other writers (for example,
Thompson 1973 and Freeman et al . 1973) have discussed the theoretical problem
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of external costs and the use of taxes or pollution charges to correct the
mi sal location resulting from external costs. An external cost is a cost
of an individual or firm action that directly and adversely affects the
production opportunities or consumption opportunities of other parties.
Irrigation in the Yellowstone offers a prime example of such external costs.
Return flow from each irrigated field increases the salinity of the river
water and imposes costs on downstream irrigators whose water quality
declines. Upstream irrigators do not bear the full costs of their
decision to expand irrigation because there is no requirement that they
compensate downstream irrigators for the costs imposed on them. Private
costs of upstream irrigators are lower than the social costs which include
the costs to downstream irrigators. Because upstream irrigators don't
bear the full costs of their irrigation decisions, they have an incentive
to expand irrigation beyond the optimum output.

Valantine (1974) identified two methods for measuring the agricultural
costs of increasing salinity. They are (1) the costs of maintaining
existing yields as salinity increases and (2) the loss of income resulting
from a decline in yields because no corrective action is taken.

Existing yields can be maintained by leaching out the salts with
additional irrigation, installationof a drainage system, conversion to

sprinkler irrigation, or the dilution of river water with higher qua-lity

water from another source.

The loss of income resulting from a decline in revenues because declines
in the salinity levels in the root zone are not prevented is either the loss

due to declines in the yields of existing crops or the loss resulting from

a switch to less profitable salt-resistant crops. Clearly a farmer faced with
increasing salinity suffers increased costs no greater than the least-cost
alternative mentioned above. Valantine cites a 1971 EPA study which concluded
that accepting a decline in yields would result in the minimum penalty cost to

farmers in the study area, the Colorado River Basin, although most farmers

were installing expensive drainage systems and irrigation systems.

In discussing different methods of estimating the dollar losses resulting

from increased salinity Valantine estimated the costs of the different

alternatives. Costs of drainage systems and ditch lining were discussed.

In Valantine's opinion, the best method for estimating the costs of salinity
on irrigators was developed by Sun, who developed a complex mathematical
model which derived the net regional income from the dirferent levels of

salinity.

- A study by Pincock (1969) made projections of the salinity damages in

the Well ton-Mohawk Irrigation District in Yuma County, Arizona. Study

procedures were:

1) develop total dissolved solids projections (TDS) for 1980 and 2010;

2) relate salinity levels in the root zone to irrigation water quality
and leaching percentages;

3) get experimental data relating salinity in the root zone to the

quality of irrigation water and the leaching percentage;

4) relate salinity in the root zone to crop yields;
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5) estimate crop water requirements;

6) develop budgeted costs and returns for different cropping patterns

and crop rotations;

7) estimate total agricultural output for the district given cropping
pattern, crop budgets and salinity effects; and

8) estimate net salinity damages.

Pincock concluded that in this district no changes in cropping patterns
were justified and that salinity damages would be insignificant in 1980 and
produce about $460,000 net damages in 2010, which would be about one percent
of the value of the projected total gross output.

III. ESTIMATING THE VALUE OF WATER FOR IRRIGATION

The value of water for irrigation depends on the increase in crop yields
resulting from the additional water and the price these crops bring on the
market. Economic theory (Ferguson 1969) says that a farmer will increase
the quantity of water used for irrigation up to the point where the cost of the
water is equal to the increase in revenues produced by irrigation. The
quantity of water demanded is inversely related to its price or cost. An
increase in the price or cost of water will reduce the quantity used. Five
methods are available to estimate the value of water in agriculture.

GENERAL METHODS

The first method is simply to observe the prices at which water is bought
and sold. Hartman and Seastone (1970) observe that within some ditch companies
active water rental markets occur; these prices increase over the irrigation
season and are considered useful measures of the value of water in these areas.

A second, pursued in a study done at Colorado State University (Hartman
and Anderson 1964), estimated the value of water by applying regression
analysis to farm sales data. The selling prices of farms were regressed on farm
acreage, the average number of acre-feet of water delivered per season, and
the assessed value of improvement. They concluded that the "regression analysis
of this study indicates that water is an important enough consideration in the
total farm price to permit statistically significant estimates to be made of the
values." They found that the values estimated from the regression were signi-
ficantly lower than reported sales prices of water in the study area.

A third method for estimating the value of irrigation water is to use
farm budgets to calculate the increase in profits resulting from a switch from
dryland agriculture to irrigated agriculture. The increase in profits per
acre divided by the water requirements per acre is the value of an acre-foot
of water for the land for which the budget was prepared.

The fourth method, linear programming, is described below.
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LINEAR PROGRAMMING METHODS

Examples of methods which use linear programming (LP) to estimate the
value of water within a region include a Colorado study (Hartman and
Whittelsey 1961), a study of the Yakima Valley (Butcher et al . 1972), and
an evaluation of the Yellowstone Basin (Snyder 1976). The LP methods calculate
the maximum possible agricultural profits, given constraints of the availability
and productivity of land, cropping patterns, prices and water supplies. By
making successive runs of the model with incremental changes in the constraints
specifying the availability of water, the change in profits is calculated as

a function of the quantity of water supplied. The value of an incremental
addition to the water supply of a region is the increase in profits it

produces. Dividing the changes in profits due to additional water by the

quantity of the addition gives the per-unit value of the increment.

The Yakima study used a mathematical program with a nonlinear objective
function and estimated the optimal allocation of water between municipal,
agricultural, and hydropower uses. Instream uses were modeled indirectly
by constraints on instream flows.

A linear program was used by Snyder in the study of the Yellowstone
Basin to estimate the impact that instream-flow requirements and diversion
for the coal industry would have on the marginal value of water for irrigation.

The model maximizes agricultural profit subject to inflow constraints, land

constraints, constraints of the cropping pattern, instream flow constraints,

and withdrawals for the coal industry. The purpose of the model is to

calculate the maximum agricultural profits obtainable with a given set of

constraints and then estimate marginal values of water to irrigation by

tightening the instream flow constraints and solving for the reduction in

agricultural profits that results.

The model divides the Yellowstone Basin into five areas. Figure 4 shows

the boundaries of the areas. Area 1 includes Park and Sweet Grass counties.

Area 2 includes Carbon, Stillwater and Yellowstone counties. Area 3 is Big

Horn County, Area 4 is comprised of Treasure, Rosebud, Custer and Powder

River counties, and Area 5 includes Prairie, Dawson and Richland counties.

As shown in figure 5, a schematic diagram of the basin as modeled, each area

includes irrigation; in addition. Area 4 also includes a coal mining activity.

The objective function maximizes the sum of the product of per-acre

profits for each crop and cropping strategy in each area and the number of acres

for each crop, cropping strategy, and area. The mathematical formulation of

the objective function is:

Maximize Z = £ Pijk^ijk

where: Z = total profits in the study area

P.. = the return over variable costs in the i^*^ area for the j^"

^^^ crop which was irrigated through the k^h period.

Qjjl^
= the number of acpes in the i^^^ area in which the j^*^ crop

was irrigated k^" period.
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Per-acre profits are the difference between revenue from the crop and the
variable costs required to produce the crop. Variable costs include labor
costs, power costs, seeds, and capital costs. The constraints on water
availability are the actual inflows and flows between areas for each of the
10 years studied. The constraints on land availability restrict acreage of
each crop to historical cropping patterns plus or minus 10 percent. The minimum-
flow constraints require that specified quantity must be transferred from the
area with the constraint to the area downstream.

Instream flow constraints were imposed in areas 2, 4, and 5. These
constraints represent the water reservation requests made by the Montana Fish
and Game Commission (page 16). The model was run with instream constraints
set at 100, 75, 50, 25, and percent of the Fish and Game Commission 1974
reservation request.

Snyder concluded that the instream requests would reduce the quantity of

water available to future irrigators and increase the marginal value of water
for irrigation. Present irrigation would not be affected because the reservation
claim on water would be junior to existing rights.

To estimate the marginal values, a frequency distribution with alternative
levels of water reservation over a 44-year period for the Yellowstone River

was calculated. The expected or average value of water for the ten-year
period being studied was calculated by multiplying the probability of the

occurrence of each class of flows by the value per acre-foot associated with

each level of instream flow constraints and coal diversions.

The sum of these values is the estimate of the marginal value of water
at a given level of instream flow constraints. By repeating this procedure
at different levels of instream constraints, a function relating marginal

values of water to instream flow constraints is estimated. Figure 6 shows

this when calculated on the assumption that diversions for the coal industry

are 3000 acre-feet/month. The marginal value of an acre-foot of water is the

increase in agricultural profits that would occur if one more acre-foot was

available. Figure 6 shows that an increase in instream constraints increases

the marginal value of water. This occurs because, when less water is available

for irrigation, marginal increases in the water supply will be used to irrigate

high-quality land growing relatively high-value crops. When more water is

available, marginal values decline because the additional water goes on poor

soil and lower valued crops. Marginal values are not shown for constraints

set at 75 percent and 100 percent of the Fish and Game Commission reservation.

In some years model inflows to certain subbasins were less than the instream

flow constraints; hence, there was no feasible solution.

IV. EVALUATING THE DEMAND FOR INDUSTRIAL WATER

Stroup and Townsend (1974) estimated the values of water for electric

generation in the northern Great Plains area. Water values were calculated

by estimating the difference in annual cost between wet and dry cooling

towers on coal-fired electric generating plants. Cooling towers are required

to reduce the temperatures and lower the outlet pressure on the turbines. A
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wet cooling tower works by spraying water in the tower and allowing evaporation
to provide cooling. A dry cooling tower circulates water through a closed system
of piping similar to a giant car radiator, and the cooled water is recirculated
through the plant.

A dry-cooled plant requires a larger capital investment and higher OM&R
costs than a wet-cooled plant. Dry cooling is economically preferable to wet
cooling only when water is so costly that the additional investment required by
a dry-cooled plant is more than offset by the savings that result from decreased
water consumption.

Stroup and Townsend used two different methods to estimate the maximum
price per acre-foot that a generating plant with a wet cooling tower could
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pay and still find wet cooling cheaper than the dry cooling option. This
break-even price is the value of water for these firms because at any price less
than the break-even price wet cooling is cheaper than dry cooling, while for
any price above the break-even point water costs are so high that dry cooling
is the cheaper cooling method. One method estimated the average difference in

annual cost between wet and dry cooling and divided that figure by the annual
water use of the wet-cooled plant. By this method the break-even point for
dry towers is $197.09/af. The second method estimates the opportunity cost
of the power foregone due to the loss in efficiency of a dry-cooled plant that
results when the plant is less efficient in warm weather. At 8 mills/kwh
the break-even cost of water is $106/af.

The researchers conclude that the value of water used to cool thermal
electric generating plants is between $100/af and $200/af. This value will
vary with climatic conditions at the site and may change as more experience
is gained with dry-cooled plants.
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PROJECTIONS OF FUTURE USE

In order to adequately and uniformly assess the potential effects of

water withdrawals on the many aspects of the present study, it was necessary

to make projections of specific levels of future withdrawals. The methodology
by which this was done is explained in Report No. 1 in this series, in which

the three projected levels of development, low, intermediate, and high, are

also explained in more detail. Summarized in Appendix A, these three future

levels of development were formulated for energy, irrigation, and municipal

water use. Annual water depletions associated with the future levels of

development were included in the projections. These projected depletions,

and the types of development projected, provide a basis for determining the

level of impact that would occur if these levels of development were carried

through.

COSTS

The purpose of this section is to briefly summarize the impacts of low-

ered flows that were predicted by reports No. 3, 6, 7, 8, 9, and 10 in this

series. These impacts, largely negative, are the principal opportunity costs

of agricultural withdrawals.

These costs will be compared on pages 39 to 43 with the benefits to

farmers of increased withdrav/als. This estimation of future impacts was based

on the three projected levels of development discussed above. For the most

part, the physical impacts of this projected development on the basin's en-

vironment were small. That, among other reasons, made difficult the quantif-

ication of the impacts, and the following discussion is mostly qualitative.

FURBEARERS AND MIGRATORY BIRDS

Alterations in channel morphology present the major threat to habitats

and populations of furbearers (Report No. 6 in this series) and native water-

fowl (Report No. 7), Of the principal furbearers, beaver, mink, and muskrat,

beaver are most vulnerable to changes in water level. High water can flood

dams and wash away food caches; low levels expose the animals to predation

and, in combination with cold temperatures, can result in caches being frozen

down. A braided channel provides a favorable habitat for beaver, and changes

in channel morphology that would reduce the number and size of the islands

would adversely affect beaver.

The stabilization of bars and islands and the increased density of veg-

etation due to reduced flood flows and reduced furbearer population would

damage nesting sites and increase predation. Reduced fish populations would

probably reduce the populations of birds that prey on fish. Additional irri-

gation would increase feeding areas and attract more migrant fieldfeedmg
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ducks and geese, but hunter pressure would also increase.

Koch (Report No. 2 of this series) concluded that historical depletions
in the basin have been on the order of estimated future depletions and that
the physical appearance of the mainstem of the Yellowstone has not been alter-

ed appreciably. It is likely, then, that future depletions, if confined to

diversion and pumping rather than onstream storage, would have a similarly
small impact. Thus, the projected withdrawals would not appreciably affect
the habitat for furbearers and birds.

Table 5 summarizes information on trapping income in the basin. Trap-
ping does not make a noticeable contribution to income in the region. In

1972, personal income in the Yellowstone Basin was $112,989,000. The average
income mentioned in table 5 is gross income, and the contribution of trapping
to personal income in the area consists of gross income minus trapping costs.
Trapping costs have not been estimated.

TABLE 5. Average trapping income. Fish and name Regions 5 and 7, 1960-1974.
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of this series) would require additional information on various conditions,
such as how reduced fish populations would affect fishing success and how
reduced fishing success would affect the value that fishermen place on fishing,

Table 6 summarizes impacts lowered flows would have on the five recrea-
tional sections studied.

TABLE 6. Impact on lowered flows on recreation in the Yellowstone River Basin.



EXISTING MUNICIPAL AND AGRICULTURAL USERS

In order to determine any adverse effects that a decrease in the access-
ibility of water, as a result of reduced flows, would have on the existing
municipal and agricultural water users in the Yellowstone River Basin, the

Yellowstone Impact Study included an investigation of the diversion systems
of three municipalities and a number of agricultural users.

Billings, Miles City, and Glendive, the municipalities studied, draw

their water supplies directly from the Yellowstone River. Using the projec-
tions of future development explained in appendix A, the future service pop-

ulations and Yellowstone River water surface elevations for each of the three

water supply systems were compared with the amount of electrical power now

being used by the plants, the amount of water now pumped from the river, the

cost of chemically treating the water, and recent streamflow records. This

analysis showed that the cost of providing municipal water for Billings, Miles
City, and Glendive will increase in the future, as shown in table 7. The in-

crease, though, will occur primarily because of increased water consumption
due to population growth and because of probable increases in the price of

electricity; the reduced water surface elevations, as projected for the three

levels of development, would have an insignificant impact on municipal water
system costs.

TABLE 7. Percentage of increase in operation cost over present costs for each

projected level of development.

City Low Intermediate High

Billings 53 53 60
Miles City 85 93 146

Glendive 32 33 33

Four pumping and twelve gravity irrigation diversions were examined to

determine the effect of lowered streamflow on each diversion. The efficiency
of the irrigation pumping plants studied is greatly reduced during extremely
low river flows. In other words, when flows in the river decrease, pumping
costs increase. For the projected levels of development, pumping costs would
increase from 0.2 percent for one site at the low level of development to 11.1

percent for another at the high level of development.

Three of the gravity irrigation diversions selected for study possess
diversion dams across the river. These diversions have no problems getting

water into the distribution system when flows in the river are low because
their headgates are below the crest of the diversion dams. Therefore, if nec-

essary, these projects could physically divert all of the water from the river

when flows in the river are less than the capacity of the canal--although
existing water rights downstream would probably make it illegal to do so. Nine

gravity irrigation diversions were studied which do not include diversion dams.

These have only minor headgate structures built at the head end of the canals.

Most have problems getting sufficient water during low streamflows in the

Yellowstone River even at the present level of development. These problems

38



would increase in intensity and frequency at the projected levels of develop-
ment. Among the solutions to these water accessibility problems are: pro-
vision of adequate instream flow in the river; installation of permanent, im-
pervious diversion dams in the main river channels opposite the side channels
that the diversions are now on; and channelization of the river so that most
of the flow is directed toward the diversion,

WATER QUALITY

The conclusions of the water quality portion of the Yellowstone Impact
Study (Report No. 3 of this series) are:

1) The Upper Yellowstone Subbasin and the Bighorn Subbasin would
experience relatively minor degradation of water quality under all

three levels of development. Eighty percent of the additional agri-
cultural development and all of the future energy development is pro-

jected to occur in eastern Montana, so only that portion of the basin
east of Billings was analyzed for changes in water quality.

2) The Tongue Subbasin and the Powder Subbasin would experience signif-
icant deterioration of water quality under all levels of development.
Waters in the lower portions of each basin would be of questionable
value for most beneficial uses.

3) The Mid-Yellowstone Subbasin and the Lower Yellowstone Subbasin would
sustain moderate increases in salinity under the low and intermediate
levels of development.

4) The Lower Yellowstone Subbasin would experience no significant effects

at lower levels of development, and major reduction in water quality

at the high level of development.

The negative effects would be more severe under the high level of devel-

opment--especially in dry years and during August through October of average
years. Degradation would not be severe enough to preclude use of the water

for common beneficial uses, but more refined and expensive management and

treatment practices may be required.

The costs imposed on agriculture by lowered water quality are the lower

of either the decreased value of the crops grown because yields are lower or

the increased costs required to avoid the loss of crop values. Likewise, the

costs of a decline in water quality for municipal users are the lower of either

the costs of the damage done by the degraded water or the costs of maintaining

water quality standards. Possible damages include reductions in the useful

lives of utility distribution pipes, water using devices, and heating systems,

the cost of increased use of bottled water, and damages to parks, gardens,

and home plantings.

BENEFITS

The linear programming model estimates the reduction in agricultural

profits resulting from instream flow constraints which reduce the quantity

of water available to irrigators. The value of withdrawals to irrigators
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is calculated as the amount farmers would be willing to pay to secure a

reduction in the instream-flow constraints. Their collective willingness to
pay in order to achieve an incremental reduction in the instream-flow con-
straint is equal to the reduction in profits that they suffer due to that
increment of the instream-flow constraint. If, for example, an increase of
10 percent in the instream constraint cost irrigators $500,000 in lost profits
because less water was available, then irrigators would be willing to pay up
to $500,000 to avoid the increase; $500,000, therefore, is the value of this
water to the irrigators.

The LP model was run with two sets of inflow constraints, two sets of
acreage constraints, and six sets of instream constraints. The inflow con-
staints correspond to flows that are equaled or exceeded 50 percent of the
years and flows that are equaled or exceeded 90 percent of the years. Acre-
age constraints used were those corresponding to 1975 irrigated acreage and
the estimated irrigated acreage in 2000.

The model was run with instream flow constraints corresponding to 100
percent, 90 percent, 75 percent, 50 percent, 25 percent, and percent of
the 1976 Montana Fish and Game Commission reservation request (see page 16

)

for each of the following combinations of flows and acreage constraints:

1) 50th-percentile flows
1975 acreage

2) 50th-percentile flows
2000 acreage

3) 90th-percentile flows
1975 acreage

4) 90th-percentile flows
2000 acreage

No estimation of water values with 90th-percentile flows was possible
because the instream constraints exceeded the available inflows in one or

more subbasins in some periods, and an LP solution was infeasible.

Table 8 shows impact on agricultural profits of different levels of in-

stream-flow constraints with 50th-percentile flows and current irrigated acre-

age.

TABLE 8. Impact on agricultural profits of different levels of instream

constraints: 1975 irrigated acreage.

Short Term Profit Lost Due
Percentage of Instream Agricultural To Increased Instream Con-
Flow Constraint Profits straints

$117,691,299
25 117,691,299
50 117,691,299
75 117,691,299
90 117,691,299
100 117,735,909 $44,610
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The decrease in profits of $44,160 that occurs when the instream constraint
is increased from 90 percent to 100 percent is due to a slight shortage in the
Bighorn Subbasin. This decrease is only .04 percent of total estimated profits
in the Yellowstone Basin, confirming that in a year with 50th-percentile flows
the instream constraints require that less water be maintained instream than
is left after current irrigation needs are met.

Less obvious is the conclusion that the marginal value of water for irri-
gation is currently about zero. Unappropriated water is available for the
cost of filing for a permit to appropriate water; for farmers along the river
there are no economical uses for the water, even though it is freely available.
The benefits of withdrawals above current level are presently zero.

Table 9 shows the impact on agricultural profits of different levels of
instream-flow requirements with 50th-percentile flows and the number of acres
that are expected to be under irrigation in 2000.

TABLE 9. Impact on agricultural profits of different levels of instream
constraints: irrigated acreage projected to 2000.

Percentage of Instream
Flow Constraint

An Increase in this In-

Agricultural stream Constraint Reduces
Profits Short Term Profits by

25
50
75
90

100

;i4b,744,493
145,717,946
145,635,874
145,524,041
145,373,792
144,210,838

26,547
82,072
111,833
150,249

1,162,954

Table 10 is derived from Table 9 and shows the amount irrigators would
be willing to pay to secure a one-percent reduction in the instream-flow con-
straint for each of the separate intervals estimated.

TABLE 10. Values to irrigators of one-percent reduction in instrean-flow constraint

Percentage of Fish and Game
Commission Constraint

Short-term Value to Irrigators of 1 Percent
Reduction in the Instream Constraint

100-90
90-75
75-50
50-25
25-

$116,295
10,017
4,473
3,282
1,062

Table 11 shows the volumes of water in acre-feet that make up one percent

of the instream constraint for each basin and time period.
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TABLE 11. One percent of instream constraint.



An evaluation of these diverse consequences clearly requires a common
denominator for comparison of the advantages and disadvantages of increased
withdrawals. An economic evaluation weights these consequences by society's
willingness to pay to receive the benefits or avoid the losses. It would
have to be determined whether the people who benefit from increased with-
drawals would be willing to pay more to maintain the withdrawals than the
people bearing the costs of withdrawals would be willing to pay to prevent
the increased withdrawals. Incremental withdrawals are socially desirable
only as long as the people who benefit from these withdrawals value their
gains to be worth more than the value that the persons who suffer losses
place on those losses. Two further observations make clear the enormity
of this task of evaluation.

First, the evaluation compares two different states of society. What
would life be like in the study area if current flow levels 'are maintained?
What would life be like if flows are reduced? How would reduction inflow
levels affect the value people place on their water-dependent activities?

Second, the evaluation measures comparatively the benefits and costs of

withdrawals to the people who will occupy the Yellowstone Basin in the future.

The scenarios used to determine the size of the projected withdrawals assume
increased irrigation and a highly developed industrial sector in 2000. Will

an industrial society with a larger population value the recreational oppor-
tunities available with instream flows more than current consumptive users

value the use of that water?

Immediately one is impressed with the enormity of the task and the lack

of information necessary to complete the task. The Yellowstone Impact Study

has provided some useful information regarding the consequences of increased

withdrawals, but not enough is known to be able to evaluate the economic de-

sirability of increased withdrawals.
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This section summarizes the legal constraints to water use in the
Yellowstone River Basin. Legal constraints can include a wide range of
laws and legal doctrines; for purposes of this section, however, only those
constraints which may have a direct affect on water use are listed. There-
fore, the list is not intended to be exhaustive. Refer also to Report No. 4

in this series. The Adequacy of Montana's Regulatory Framework for Water
Qual ity Control .

The term "legal constraints" should not be misconstrued to meari laws
or legal doctrines which hinder water use. Superficially, those listed may
indeed hinder the use of water. However, laws and legal doctrines are

developed in a free society to provide order. Laws regulating or affecting
water use are examples. A specific example is the Montana Water Use Act,

which regulates the appropriation of water. Through such regulation, the

process of acquiring rights to the use of water is more orderly, and in the

end that regulation may actually promote the use of water.

The legal constraints listed below include constraints resulting from

court decisions as well as statutory and constitutional constraints.

FEDERAL LEGAL CONSTRAINTS

1. Reclamation Act of 1902 , as amended and supplemented (32 Stat. 388;

43 U.S.C. 431 , 524 and 423e). Trri gable lands to which irrigation water from

a federal reclamation project can be delivered is generally limited to

160 acres in the ownership of a single person or entity or 320 acres in the

ownership of husband and wife.

2. Winters Doctrine . Lands within an Indian reservation or other

federal lands withdrawn from the public domain (such as most federal forest

lands) hold a reserved right to use the waters which are within, crossing,

abutting or beneath the reservation. This reserved right, even though

unexercised, enjoys a continuing priority as of the date the reservation

was established. The quantity of the reserved right is that amount of water

needed to serve the purposes for which the reservation was established.

Arizona v. California , 373 U.S. 546, at 601 (1963).

Reserved water rights (commonly called "Winters Doctrine rights",

stemming from the U.S. Supreme Court case of Winters v. United States ,

207 U.S. 564 (1908) which originated the concept) are largely unquantified

in any definite source. Further, there is continuing debate and litigation

attempting to define the scope of these rights. Since the quantity or

legal scope of reserved rights is uncertain, many states, including Montana,

are unable to accurately determine the amount of water remaining for

allocation under state law, particularly near federally reserved lands or

Indian reservations. No problem is a bigger source of consternation to

state water rights and water planning officials.
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Litigation to adjudicate federal and Indian reserved water rights on

the Tongue and Bighorn river drainages in Montana has been brought in federal

court in Billings under three separate lawsuits. The litigation, instigated

by the United States Government and by the Crow and Cheyenne tribes, is

at this point only in the preliminary stages. It will be years before the

cases are ultimately decided, but the actions are valid evidence of the

problems unquantified and unknown reserved water rights can create. If

the federal government and the tribes succeed in their claims, many existing

water users under state law may be precluded from future use of water. In

addition, the Department of Natural Resources and Conservation has reports
of several potential water users in the Tongue and Bighorn drainages who

have taken a "wait and see" attitude, rather than apply for future water

development.

Until they are eventually quantified and defined, either by litigation,

agreement, or Congressional action, reserved water rights will undoubtedly

be a major constraint on water use in the Yellowstone River basin.

3. The Federal Power Act of 1920 , as amended (41 Stat. 1063; 16 U.S.C.

791a et seq .), requires nonfederal entities who propose to construct a power

or navigation facility to secure a license issued by the Federal Energy

Regulatory Commission before any construction which will affect either
(a) waters over which Congress has jurisdiction or (b) public lands or

reservations of the United States.

4. The Fish and Wildlife Coordination Act , as amended (72 Stat. 563;

16 U.S.C. 661 et seq .), requires that any public or private agency proposing

to impound or divert water or to modify any stream must consult the U.S.

Fish and Wildlife Service and take appropriate action to prevent loss or

damage to fish and wildlife resources.

5. The Yellowstone River Compact (65 Stat. 663), entered into by the

states of Montana, Wyoming, and North Dakota, provides for the division of

waters of the four major tributaries of the Yellowstone River between
Wyoming and Montana and forbids the diversion of water from the Yellowstone

River Basin without the unanimous consent of Wyoming, Montana, and North

Dakota.

Under Article V of the Compact, the waters of the four tributaries are

divided as follows, based on streamflows at their mouths:

1) CI arks Fork Yellowstone River

to Wyoming 60%
to Montana 40%

2) Bighorn River

to Wyoming 80%
to Montana 20%
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^1 Tongue River

to Wyoming 40%
to Montana 60%

4) Powder River

to Wyoming 42%
to Montana 58%

Article V also establishes the points of measurement for these four allocations
and stipulates how the allocations are to be calculated. Through the Yellow-
stone Compact Commission, which is also established in the Compact, the states
of Montana and Wyoming are currently discussing the details of allocating
the divided waters. Final resolution of these discussions may take several
years.

Intake Water Company has filed a court action in federal court in

Billings challenging the constitutionality of Article X of the Compact,
which prohibits out-of-basin diversion of water without the unanimous consent
of the three signatory states. That action is currently stayed by court
order.

The Compact also sets forth procedures for diverting water in one state

for use in another. These procedures are also currently the subject of

litigation brought by Intake Water Company, in both federal and state

district courts, concerning applications for water permits made by Intake

and Utah International, Inc., on the Powder River. That litigation is

also unresolved.

6. The Stock-Raising Homestead Act of December 29. 1916 (39 Stat. 862

§ 9; 43 U.S.C. § 299) provides for the protection of the crops and improve-

ments of the surface owner against the developer of federally reserved

minerals. The Act of June 21, 1949 (63 Stat. 215 § 5; 30 U.S.C. 54)

extends the surface owner's protection to include damage done to the value

of the land for grazing.

7. Rivers and Harbors Appropriation Act of 1899 (30 Stat. 1151;

33 U.S.C. 403 et seq.T. Uses of, discharges in, or intrusions in,

navigable waterways require a permit from the U.S. Army Corps of Engineers.

For purposes of this law, navigable waterways are those streams or lakes

which are or have been navigable in fact, and the question of navigability

ultimately is one for the courts to decide. However, the Corps of Engineers

has declared the Yellowstone River navigable to Emigrant, which is 21 miles

upstream from Livingston, Montana. The United States District Court has

found the Bighorn River navigable up to the Montana-Wyoming border. Crow

Tribe v United States , Civil No. 214 (D. Mont. 1963).

8. The Federal Water Pollution Control Act Amendments of 1972 (86 Stat.

816; 33 U.S.C. 1251 et seq. ) restates and extends previous federal laws pro-

hibiting the pollution of navigable waters. Standards for water quality

and the enforcement of such standards are to be the responsibility of the

Environmental Protection Agency in cooperation with the affected states.
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Under this law, permits from the Corps of Engineers are also required before
any dredge or fill activities may begin in water covered by the Act. (These
are known as Section 404 permits. Nearly all waters of the Yellowstone River
and its tributaries are covered.)

9. The Clean Air Act , as amended (81 Stat. 485; 42 U.S.C. 1857 et seq.)
provides for the establishment and enforcement of air quality standards by the
Environmental Protection Agency in cooperation with the affected states.

10. The National Environmental Policy Act of 1970 (NEPA) (83 Stat. 852;
42 U.S.C. 4321 et seq .) requires that where federal funds or property are
involved, the development of natural resources must be preceded by an analysis
and weighing of the environmental impacts of such development.

11. The Wilderness Act of September 3, 1964 (78 Stat. 890; 16 U.S.C. 1131

et seq . ) , prohibits permanent roads and improvements (except as authorized
by the President) within any wilderness area designated by the Act or by
subsequent legislation.

12. The Historic Sites, Buildings and Antiquities Act of 1935 , as

supplemented and amended (74 Stat. 220; 16 U.S.C. 469 et seq .). The presence
of historical or archaeological data within the site of any federal or

federally licensed or assisted activity may require that the activity be pre-

ceded by a survey by the Secretary of the Interior to determine if such data
shall be recovered and preserved.

13. The Endangered Species Act of 1973 (87 Stat. 884; 16 U.S.C. 1531

et seq . ) requires that federal agencies take such action necessary to ensure
that actions authorized, funded, or carried out by them do not jeopardize
the continued existence of endangered species or result in the destruction or

modification of the habitat of such species.

14. The Surface Mining Control and Reclamation Act of 1977 (91 Stat. 445;
18 U.S.C. § 1114; 30 U.S.C. §§ 1201 et seq.) imposes limitations on the
surface mining of coal and other minerals, not only with respect to surface
reclamation and surface owner's consent, but also with respect to designating
areas which cannot be surface mined.

MONTANA LEGAL CONSTRAINTS

1. The Montana Water Use Act of 1973 (Sec. 89-865 et seq., R.C.M. 1947)

provides that after July 1, 1973, a right to the use of Montana waters may

be initiated only through application for a permit from the Montana Department

of Natural Resources and Conservation. The Act stipulates that the use of

water for slurry of coal outside Montana's borders is not a beneficial use

(Sec. 89-867(2), R.C.M. 1947). Although it has never been tested in court,

this law is probably superceded in the Yellowstone River Basin by the

Yellowstone River Compact, which specifically authorizes the diversion of

water in one signatory state for use in another.
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2. Moratorium on Yellowstone River Appropriations . Effective March 12,

1974, a three-year moratorium was established on Yellowstone River Basin
appropriations exceeding 20 cfs or for reservoir impoundments exceeding
14,000 acre-feet (Sees. 89-8-103 through 89-8-105, R.C.M. 1947). The 1977
Montana Legislature extended the moratorium through December 31, 1977. In

December 1977, the Montana Supreme Court extended the Moratorium.

3. Reservations of Water . The Montana Water Use Act of 1973, in Sec.
89-890, R.C.M. 1947, provides for the reservation of water by agencies of the
state of Montana and of the federal government. These reservations can
include instream uses and must be approved by the Montana Board of Natural
Resources and Conservation. Over 30 applications were received on the

Yellowstone River Basin alone; these applications are currently scheduled to

be acted upon by the Board before the expiration of the Yellowstone Moratorium.

Depending upon the decision of the Board, water reservations under the

provision could be a constraint to future water use in the Yellowstone River

Basin in Montana. For example, the Montana Department of Fish and Game has

applied for an instream flow of approximately 8.2 mmaf at Sidney. If that

application were granted by the Board, other future uses of water would be

limited.

4. The Montana Environmental Policy Act of 1971 (Sec. 69-6501 et seq.

,

R.C.M. 1947) provides, similarly to NEPA, that state agency actions which
may significantly affect the quality of the human environment shall be

preceded by an analysis and weighing of the environmental Impact of such

actions.

5. The Montana Major Facility Siting Act (Sec. 70-801 et seg^. , R.C.M.

1947) requires that a certificate of environmental compatabil ity and public

need be Issued by the Board of Natural Resources and Conservation as a

condition to the construction of facilities for the generation or transporta-

tion of electricity, gas, or liquid hydro-carbon products; for the transport
of water, when such transport is associated with a major facility; for the

enriching of uranium; for the conversion of coal; for the use of geothermal

resources; or for In situ gasification of coal.

6. The Montana Floodway Management Act of 1971 (Sec. 89-3501 et seq.

.

R.C.M. 1947) provides for the designation of flood plains and floodways by

the Board of Natural Resources and Conservation and the subsequent regulation

from obstructions of such areas by local governing bodies. Several areas in

the Yellowstone Basin have been so designated.

7. The Montana Water Pollution Act (Sec. 69-4801 et seg^- , R.C.M. 1947)

forbids the pollution of state waters and requires a permit from the Montana

Department of Health and Environmental Sciences for any activity which is

likely to cause such pollution.

8. The Montana Air Pollution Act (Sec. 69-3906 et se^. , R.C.M. 1947)

authorizes the Montana Board of Health and Environmental Sciences to establish

and enforce air quality standards and to require permits for any facility

that may contribute to air pollution.
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THE ECONOMICS OF ALTERED STREAMFLOW

The economic evaluation of impacts resulting from lowered flows is per-
formed by comparing the value of water left in the stream for nonconsumptive
purposes and the value of water when it is withdrawn for consumptive use.
The principal instream uses in the Yellowstone Basin are recreation, mainten-
ance of the aquatic and riparian habitats, and water quality control. Water
withdrawals in the basin are principally made for agricultural, municipal,
and industrial uses. The economically optimal allocation of water between
instream uses and withdrawals is the allocation that maximizes the sum of
net benefits from instream and out-of-stream uses.

This study included a literature survey to evaluate methods for esti-
mating water values for both instream and out-of-stream uses. Through the
survey, six methods for estimating the value of an unpriced recreational
resource were evaluated. Four met.hods--the gross expenditures method, market
value of fish method, the alternative cost method, and the market value meth-
od--are theoretically inadequate because they cannot be used to estimate a

demand curve for the resource. The interview and travel cost methods are
theoretically sound, but the requirements for these latter methods are greater
than for the others. Components of the travel cost method which present
problems in data acquisition include the allocation of joint costs, the val-

uation of time costs, and the difficulty of evaluating river-based recreation
due to the lack of a unique distance from the user's residence to different
points along a river.

The economic analysis of water quality problems in recent literature has

focused on means of internalizing the external costs imposed on other users

by pollution. The principal water quality problem in the Yellowstone Basin

is salinity, which results from high concentrations of total dissolved solids

due to naturally occurring conditions and irrigation return flow. The cost
of increasing salinity to irrigators takes the form of unavoidable losses in

agricultural profits. Those losses can be minimized by installing drainage
systems, switching to salt-resistant crops, and leaching the salts from the

soils with additional irrigations.

Methods for estimating the value of irrigation water include observation

of market prices on water transactions, development of irrigated and dryland

farm budgets, and the use of linear programming (LP) models to calculate changes

in profits resulting from specified changes in constraints on water availability.

An LP model was developed by Snyder (1976 ) to estimate the costs to agriculture

of instream flow constraints and energy-related diversion. Snyder concluded

that over the 30-year period of record the average marginal value of water for

irrigation in the Yellowstone Basin was $1.30/acre-foot. A substantial instream

flow constraint raised this average marginal value to $3.03/acre-foot; doubling

the instream constraint raised the value to $7.09/acre-foot.

Stroup and Townsend estimated the value of water used in coal-fired
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electric generating plants and concluded that the value of this water fell

v/ithin a range of $100 to $200 per acre-foot.

The Yellowstone Impact Study's evaluation of the impacts of the withdrawals

resulting from the three projected levels of development summarized in appendix

A was performed qualitatively. These impacts are considered to be the costs of

additional withdrawals and can be compared to the benefits of additional with-

drawals for agriculture, summarized below.

The projected depletions would have no significant impacts on furbearer^.

and birds because channel morphology would be unlikely to change. The im-

pacts of lowered flows on the Tongue River fisheries are described as "min-

imal" for the low level of development, "high" for the intermediate, and

"severe" for the high. Lowered flows would adversely affect boating, rock-

hounding, fishing, waterskiing, and swimming, while improving access for all

recreational activities. Lowered flows would not have a significant impact
on the pumping costs for the municipal water supply systems of Billings,
Miles City, and Glendive. Lowered streamflows would pose a water-access-
ability problem only for those gravity diversions which cannot control water
levels in the river at the headgates. Irrigation pumping costs could in-

crease up to 11 percent during low-flow months if the depletions projected
in the high level of development occurred.

For all three levels of development, water quality degradation would
be minor in the Upper Yellowstone and Bighorn subbasins. Significant de-

terioration would occur in the Tongue and Powder subbasins with all levels

of development. The Mid-Yellowstone and the Lower Yellowstone subbasins

would suffer moderate or greater increases in salinity if the projected de-

pletions occurred.

The benefits of additional withdrawals for agriculture were estimated

with a linear programming model which maximized agricultural profits sub-

ject to constraints on water availability and irrigated land. The objective

function maximized profit per acre for different crops and cropping strat-

egies in each of seven subbasins. Objective function values are the differ-

ence between total revenue and variable costs, meaning that the model est-

imates only the short-term costs of decreased water availability. The

acreage constraints restricted crop acreages to total 1975 acres or project-

ed acreages for the year 2000 in each subbasin, and cropping patterns were

allowed to vary no more than 10 percent from historical cropping patterns.

The water availability constraints allowed only the difference between mod-

eled inflows and the instream constraint to be developed for irrigation.

The value of water for irrigation was estimated by the decrease in agricul-

tural profits resulting from a decrease in water availability.

The results obtained from the LP model were that the maximum instream-

flow constraint considered would decrease agricultural profits in the basin

in the year 2000 from $145,744,493 (the amount of agricultural profits if

no instream constraint is imposed) to $144,210,838--a net decrease of $1,162,954.

Irrigators in the basin would be willing to pay $116,295 to secure a one-

percent reduction in this instream constraint if the instream constraint

imposed were between 90 and 100 percent of the maximum considered. For per-

centages of the instream constraint between and 90 percent, the reduction

in agricultural profits would be less, and irrigators would be willing to

pay much smaller amounts to secure the one-percent reduction.
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Because the instream constraints would reduce the number of irrigated
acres only in August and September and would reduce only the water available
for irrigating pasture, the marginal value to irrigators of the increments
of flow used as instream constraints is low. The instream constraints used
did not seriously restrict irrigated agriculture in the Yellowstone Basin.

LEGAL CONSTRAINTS ON WATER USE

Constitutional mandates, legal decisions, and laws--both federal and

state--constrain the municipal, industrial, and agricultural use of water
in the Yellowstone River Basin by requiring water uses to conform to agreed-

upon goals and priorities established in the public interest through due

process of law. The summary of federal and state laws and doctrines in

this report is not exhaustive; Report No. 4 in this series. The Adequacy of

Montana's Regulatory Framework for Water Quality Control , explores the Mont-

ana legal framework for water use in greater detail.

FEDERAL CONSTRAINTS

Perhaps the biggest constraint on water use in the Yellowstone River

Basin is an unknown--namely, the scope of reserved water rights stemming

from the U.S. Supreme Court's decision. Winters v. United States (1908).

The Winters Doctrine, as extracted from the ruling and modified by subse-

quent decisions, states that federal or Indian land reserves withdrawn from

the public domain (such as most federal forest land) hold a reserved right

to the use of water within, crossing, abutting, or beneath the reservation.

Whether or not exercised, the reserved right has continuous priority for

an amount of water needed to serve the purposes for which the land reser-

vation was established. Because the size of these reserved water rights

is uncertain (they are potentially great), many states (including Montana)

cannot gauge the amount of water remaining for allocation under state law,

particularly near federally reserved land or Indian reservations.

Litigation in federal court to adjudicate federal and Indian reserved

water rights under the Winters Doctrine in the Tongue and Bighorn river

basins will be years in deciding the ultimate scope of the reserved rights.

Success of this litigation, brought by the U.S. Government and by the Crow

and Cheyenne Tribes, would affect many existing Montana water uses regardless

of the extent of water rights under the law.

Other federal constraints on the use of water in Montana include the

general environmental-preservation policy of the United States expressed

in the National Environmental Policy Act and other acts regulating a variety

of activities directly or indirectly affecting the use and diversion of water.

These include constructing facilities for pov/er generation, dams and diversions

and navigation facilities, or applying for permits for activities that affect

water and air quality, the integrity of wilderness, the preservation of arch-

eological and historical sites, and endangered species. Of particular in-

terest is the new federal power to regulate strip mining and subsequent land

reclamation under the 1977 Surface Mining Control and Reclamation Act.

A federally supervised agreement among the states of Montana, Wyoming,
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and North Dakota--the Yellowstone River Compact--regulates the division and

diversion of water from the four major tributaries of the Yellowstone River

between Wyoming and Montana, although some aspects of the pact are being

challenged in court by private interests.

MONTANA CONSTRAINTS

The Montana Water Use Act of 1973 generally regulates the use of water
in Montana and stipulates that its use for slurry of coal outside Montana is

not allowed. (But the Yellowstone River Compact specifically authorizes

the diversion of water in one signatory state for use in another). The

Water Use Act also established a system for reserving water on behalf of

federal and state agencies. A hearing on more than 30 such applications

received for Yellowstone River Basin water by the Montana Board of Natural

Resources and Conservation has been completed, and a decision is pending.

The allocation by the Board could significantly constrain future water uses

in the basin.

Other Montana laws affecting water use include the general environmental-

preservation policy expressed in the Montana Environmental Policy Act, and

acts regulating the construction and siting of major industrial facilities,
control ing the development of flood plains and floodways, and regulating

activities that could pollute and foul the air.
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In order to adequately and uniformly assess the potential effects of water
withdrawals on the many aspects of the present study, projections of specific
levels of future withdrawals were necessary. The methodology by which these
projections were done is explained in Report No. 1 in this series, in which
also the three projected levels of development, low, intermediate, and high, are
explained in more detail. Summarized below, these three future levels of
development were formulated for energy, irrigation, and municipal water use
for each of the nine subbasins identified in figure A-1

.

ENERGY WATER USE

In 1975, over 22 million tons of coal (19 million metric tons) were mined
in the state, up from 14 million (13 million metric) in 1974, 11 million (10
million metric) in 1973, and 1 million (.9 million metric) in 1969. By 1980,
even if no new contracts are entered, Montana's annual coal production will
exceed 40 million tons (36 million metric tons). Coal reserves, estimated at
over 50 billion economically strippable tons (45 billion metric tons) (Montana
Energy Advisory Council 1976), pose no serious constraint to the levels of
development projected, which range from 186.7 (170.3 metric) to 462.8 (419.9
metric) million tons stripped in the basin annually by the year 2000,

Table A-1 shows the amount of coal mined, total conversion production,
and associated consumption for six coal development activities expected to take

place in the basin by the year 2000. Table A-2 shows water consumption by sub-

basin for those six activities. Only the Bighorn, Mid-Yellowstone, Tongue, Powder,

and Lower Yellowstone subbasins would experience coal mining or associated
development in these projections.

IRRIGATION WATER USE

Lands in the basin which are now either fully or partially irrigated total
about 263,000 ha (650,000 acres) and consume annually about 1,850 hm^ (1,5 mmaf)
of water. Irrigated agriculture in the Yellowstone Basin has been increasing

since 1971 (Montana DNRC 1975). Much of this expansion can be attributed to
the introduction of sprinkler irrigation systems.

After evaluating Yellowstone Basin land suitability for irrigation, con-
sidering soils, economic viability, and water availability (only the Yellowstone
River and its four main tributaries, Clarks Fork, Bighorn, Tongue, and Powder,
were considered as water sources), this study concluded that 95,900 ha (237,000
acres) in the basin are financially feasible for irrigation. These acres are
identified by county and subbasin in table A-3; table A-4 presents projections
of water depletion.

Three levels of development were projected. The lowest includes one-third,
the intermediate, two-thirds, and the highest, all of the feasibly irriqable
acreage.
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Billings Area

Bighorn

Mid -Yellowstone

Tongue

Kinsey Area

Powder

Lower Yellowstone

WYOMING

Figure A-1. The nine planning subbasins of the Yellowstone basin.

TABLE A-1. Increased water requirements for coal development in the Yellowstone
Basin in 2000.

Level of

Development



TABLE A-2. The increase in water depletion for energy by the year 2000
by subbasin.

Subbasin
Elec.

Generation

INCREASE IN DEPLETION (af/.y)

Gasifi-
cation

Syn-

crude
Ferti-

1 izer Export
Strip
Mining Total

LOW LEVEL OF DEVELOPMENT

Bighorn



TABLE A-3. Feasibly irrigable acreage by county and subbasin by 2000, high level
of development.



TABLE A-4. The increase in water depletion for irrigated agriculture by 2000

by subbasin.

Subbasin
Acreage
Increase

Increase in

Depletion (af/yi

HIGH LEVEL OF DEVELOPMENT

Upper Yellowstone



TABLE A-6. The increase in water depletion for consumptive use by 2000
by subbasin.

Subbasin Irrigation

Increase in Depletion (af/y)

Energy Municipal Total
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INTRODUCTION

The linear programming model used for this report was developed by the

Montana Department of Natural Resources and Conservation (1977) to estimate the

losses that instream flow reservations would impose on irrigated agriculture
in the Yellowstone Basin. It is a more elaborate version of a model developed

by Snyder (1976) for the same purpose. The model maximizes agricultural

profits in the basin subject to constraints on the availability of water and

land and existing cropping patterns. Agricultural profits are the sum of the

per-acre profits for each crop in each subbasin multiplied by the number of

acres of each crop. Water constraints are inflows minus instream constraints;
the land constraints restrict irrigation to existing or projected future

acreage and cropping patterns. The model includes seven subbasins within the

Yellowstone Basin (shown in figure 3 on page 17):

UY Upper Yellowstone TO Tongue River

BI Billings PO Powder River

BH Big Horn LY Lower Yellowstone
MY Mid Yellowstone

The boundaries of these seven subbasins correspond to the boundaries of the

nine subbasins used in the Yellowstone Impact Study development projections
(figure A-1 of appendix A on page 59), with the exceptions that the Clarks

Fork Yellowstone subbasin is included here in the Upper Yellowstone subbasin

and the Kinsey in the Lower Yellowstone.

Because data on cropping patterns is available from the Montana
Department of Agriculture (1976) by county rather than by drainage subbasin,

it was necessary to aggregate county data in order to arrive at subbasin

cropping figures. The following groupings were used:

Upper Yellowstone Subbasin: Sweet Grass, Park, Stillwater, and Carbon
counties.

Billings Subbasin: Yellowstone County.

Bighorn Subbasin: Big tiorn County.

Mid-Yellowstone Subbasin: Treasure County plus 73 percent of Rosebud

County and 26 percent of Custer County.

Powder Subbasin: 82 percent of Powder River County and 58 percent of

Custer County.

Tongue Subbasin: 18 percent of Powder River County, 27 percent of

Rosebud County, and 16 percent of Custer County.

Lower Yellowstone Subbasin: Prairie, Dawson, and Richland counties.

Figure B-1 is a schematic diagram of the basin as modeled. The model

includes, for each subbasin, an inflow, diversion for crops, minimum flow
constraint, and outflows (which equal the inflows for the subbasin below.)
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OBJECTIVE FUNCTION

The model maximizes agricultural profits in the Yellowstone Basin by
maximizing the objective function:

Maximize Z = £ PijkQijk

where: Z =^ total profits in the study area

P-iAL = the profits per acre in the i^'' subbasin for the j^^

crop as grown with the k^h irrigation strategy.

Q-jjk
= the number of acres in the i^^ subbasin used for growing

the j^*^ crop when grown with the k^h irrigation strategy.

Per-acre profits are crop revenues minus variable costs. Variable costs
include the costs of seeds, labor, and harvesting and are defined as the costs
that would be avoided if the crop were not planted in the spring. Specifically
excluded are capital costs such as acquisition costs for a sprinkler system.

The crops grown in each subbasin conform to current cropping patterns.

The five crops included in the model are listed with their abbreviations.

AL



TABLE B-1. Irrigation strategies used in the LP model

Irrigation Strategy Time of Irrigation

crop is grown without irrigation
crop is irrigated only in the spring
crop is irrigated in the spring and July
crop is irrigated in the spring, July,
and August
crop is irrigated in all periods

TABLE B-2. LP Model: Crop/Irrigation Strategies

Irrigation



with crop water requirements as calculated from the Irrigation Guide for
Montana (USDA 1973). Table B-4 lists the irrigation costs used in this study,
and table B-5 combines all the cost and return data and lists the resultant
net profits used in the objective function.

TABLE B-3. LP Model: Crop Yields, Variable Costs, and Returns

Irrigation Yield Cost Return Net Farm Return
Crop Strategy (tons) ($) ($) ($)

47
99

127
137
159

711

111

170
240
258

54
98

121

31

71

84
97

105

^First number equals tons of beets; second number equals tons of ensiled

tops.

^First number equals bushels of grain; second number equals tons of straw.

Alfalfa



TABLE B-4. LP Model: Irri



INFLOW CONSTRAINTS

Each subbasin was modeled by a series of mass conservation equations

whereby water flowing out of the subbasin equaled inflow minus water con-

sumptively used within the subbasin. Water requirements were limited to

consumptive use only, since data were not available to model the timing and

location of return flows. Each subbasin was modeled by the equation:

I - A - = (1)

where: I = inflows from all sources

A = agricultural water use

= outflow to next lower subbasin

The model was first calibrated using 1975 water data generated by the

water model described in Report No. 1 of this series and 1975 agricultural

statistics (Montana Department of Agriculture 1976) disaggregated by subbasin.

This initial calibration was designed to correct the model for miscellaneous

inflows from small tributaries and for nonmodeled consumptive uses such as

municipal and industrial use. The miscellaneous inflows were then used to

modify the inflow factor shown in equation 1, above.

Inflows to four of the subbasins (Upper Yellowstone, Bighorn, Tongue

River and Powder River) are exogenous to the model. These inflows from

Wyoming were modified by the miscellaneous flows and used as a right-hand-

side (RHS) constraint in the model. Inflows to the remaining three subbasins

were based on the outflows of the next upstream basin(s) as modified by

miscellaneous flows.

The model was run with two levels of inflows. Fiftieth-percentile inflows

are the inflows that are equaled or exceeded 50 percent of the years. Ninetieth-

percentile inflows are the inflows that are equaled or exceeded 90 percent of

the years.

Flows were measured in acre-feet per time period. Five time periods are

used in the model, as shown in table B-6. The time periods were primarily

based on irrigation requirements, but, since streamflow data were available

only on a monthly basis, some adjustments were made.

TABLE B-6. Time periods used in the LP Model

Time Period Interval Abbreviation

Winter Oct. 1-April 30 W

Spring May 1-June 30 M

July July 1-July 31 J

August August 1 -August 31 A

September September 1 -September 30 S
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Miscellaneous flows were assumed to vary proportionately with the mainstem
flows. Therefore, miscellaneous inflows for the 90th-percentile runs were
calculated by multiplying the ratio of 90th-percentile flows to 50th-percentile
flows by the estimated 50th-percentile runoff. In other words, it is assumed
that if, for example, 90th-percentile flows in the mainstem are 40 percent of

50th-percentile flows, then runoff occurring in a 90th-percentile year will be

40 percent of runoff occurring in a 50th-percentile year. Table B-7 shows

historical outflows and table B-8 shows the estimated miscellaneous inflows.

TABLE B-7.



CROPPING AND ACREAGE CONSTRAINTS

Table B-9 shows the per-acre water requirements for each crop, time period,
and subbasin used in the model. These figures, multiplied by the number of

acres of each crop in a particular subbasin (table B-10), yield the agricultural
water use figure (A) in equation 1 on page 72.

TABLE B-9. LP Model: Crop Water Requirements (acre-feet/acre)



TABLE B-10. LP Model: Cropping and Acreage Constraints



INSTREAM-FLOW CONSTRAINTS

As a final constraint on the model, several instream flow requirements
were formulated to simulate potential water use by other sectors of the

economy, such as municipalities, industry, or fish and wildlife. Six levels
of instream flow requirements were used, which varied from to 100 percent
of the Montana Fish and Game Commission's 1976 reservation request (see

page 16). Because of differences in the data bases and subbasin boundaries
used by the Montana DNRC and the Fish and Game Commission, modifications
of the Fish and Game Commission's figures were required in some subbasins
to permit feasible modeling. Table B-11 shows the instream constraints used
in the model

.

SUMMARY OF MODEL FORMULATION

The objective of the model was to maximize net profits from agricultural
production in the basin subject to constraints on: (1) available land
resources, (2) anticipated cropping patterns, (3) available water, and

(4) alternative uses of the water. The model was first calibrated to

current conditions (1975). The calibration was designed to balance the
water use/availability equation and to account for all water not specifically
defined in the model. The model was then run using all possible combinations
of:

1) Two natural flow patterns (50th- and 90th-percentile flows)

2) Two levels of agricultural development (1975 and 2000)

3) Six levels of instream-flow constraints (0 to 100 percent of the

Montana Fish and Game Commission's 1976 reservation request)

OUTPUT

Output of the LP model contains three types of information: the value
of the objective function, the number of acres of each crop and cropping

strategy, and the shadow price of each constraint. The shadow price of a

constraint is the amount the value of the objective function would increase
if the constraint were relaxed by one unit. The results of the LP model are

described on pages 39 to 42 of this report.
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TABLE B-ll. LP Model: Instream Flow Constraints (acre-feet)

Time
Period

Percentage of Fish and Game Conmission Reservation Request

100 90 75 50
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